been substantial changes in dietary habits that have shown the greatest impact in childhood and adolescence [2] . This is seen in the reduction of calories consumed, decreased nutrient density and as a result, increased risk of inadequate vitamin and mineral intake. Such changes are most evident in the younger years, when there is greater vulnerability for alterations in dietary habits.
The objectives of this study are to estimate the mean intake of vitamins A, B 1 , B 6 , C, E, folate, iron, and calcium in a Spanish population aged 4 to 18 years, stratified by age and sex, and to analyze the probability of inadequate intake for each one of the nutrients, utilizing a metaanalysis of the most representative nutritional studies carried out in Spain during the 1990s.
Materials and Methods
This meta-analysis included all those studies carried out in Spain among youth aged 4 to 18 years. Inclusion criteria were: 1. Utilizing food survey techniques such as food records or 24-hour recalls having a duration of at least 1 day. 2. Including a representative population based on either school clusters or random selection by census data. 3. Field work having been realized between January 1, 1990 and December 31, 1999. 4. Having a sample of at least 300 children.
A total of nine studies exhibiting these characteristics were identified. However, one of them [3] was excluded as it dealt with the same region in which another major population-based study included in the meta-analysis had been carried out.
An informational letter was sent to each principal investigator of the eight selected studies, soliciting their participation and outlining the meta-analysis objectives and data format to facilitate comparisons between the studies. To achieve this end, a series of tables which were to be completed by each research group were sent, which included instructions and the recommended dietary intake (RDI) values [4] to be utilized.
The population was divided into two age groups: from 4 to 12 years old (children) and from 13 to 18 years old (adolescents). The information solicited dealt with vitamins A, B 1 , B 6 , C, E, folate, iron, and calcium. Moreover, the mean consumption of fruits, 100% fruit juices, fruit drinks, other beverages and soft drinks, and vegetables (excluding tubers) were also requested.
Methodological aspects of the distinct nutritional studies are summarized in Table I , and are described in greater detail in the original publications [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The years encompassed in the meta-analysis ranged from 1990 to 1998. 
Results
Four thousand one hundred seventy-nine children aged 4 to 12 years and 2361 aged 13 to 18 years were included for a total of 6540 children and adolescents in eight geographical areas. Tables 2 and 3 show the results for children aged 4 to 12 years. Table II reflects the mean consumption and risk of inadequate intake for the study variables (vitamins A, B 1 , B 6 , C, E, folate, iron, and calcium). Mean intakes are below the RDIs for vitamin E in both sexes and for iron in girls. The percentage of this population showing a consumption two-thirds below the RDI is around 46% for vitamin E and 14% for vitamin C in both sexes, 12.2% for vitamin A in males and 10.1% for vitamin A and 13.1% for iron in females. Table III demonstrates the average daily consumption of fruits, beverages, and vegetables. Fruit consumption was around 200 grams, and vegetable intake was approximately 100 grams. Boys consumed 75 cc/day of 100% fruit juice and girls consumed 72 cc/day. With respect to other fruit beverages, the mean intake was 86 cc for boys and 84 cc for girls per day. Tables III and IV show the results for Spanish youth aged 13 to 18 years by age and sex. The mean intake and risk of inadequate intake for the nutrients under study (vitamins A, B 1 , B 6 , C, E, folate, iron, and calcium) are presented in Table 4 . Mean intakes were below the RDIs for folate, iron, calcium, and vitamins E and B 6 in girls, whereas in boys, vitamin E consumption was only slightly below the RDIs. For girls in this age group, an important percentage of the population exhibited intakes below twothirds of the RDIs for folate (59%), iron (45%), vitamin E (42%), vitamin A (33%), vitamin B6, and calcium (25% and 24%, respectively). Boys also demonstrated percentages of the population with intakes below two-thirds of Average intakes for the total population; * Fresh-squeezed and packaged juices; ** Vegetables excluding potatoes and other tubers the RDIs for vitamins A (33%) and E (34%); for the remaining nutrients studied, the percentage of inadequate intakes varied between 2 and 15%. Mean folate consumption was 250 µg/day in boys and 210 µg/day in girls, thus representing an important problem particularly for females. Not one study showed mean folate intake values meeting the RDI for women of childbearing age (400 µg/day). The percentage of intakes less than two-thirds of the RDI was 10.9% in boys and 59.1% in girls.
With respect to iron, the problem was similar to that of folate. The mean intake in boys was 15.6 mg/day and in girls 12.2 mg/day, the latter value being considerably lower than the RDI of 18 mg/day. The percentage of intakes less than two-thirds of the RDI was 9.2% in boys and 44.8% in girls. Table 3 shows the average daily consumption of fruits, vegetables, and beverages. Fruit intake was approximately 170 grams and vegetable consumption 120 grams. Fruit juice consumption was observed to be 90 cc/day in boys and 76 cc/day in girls, with daily intakes of fruit drinks of 156 cc and 123 cc, respectively.
Discussion
In recent years, epidemiological and laboratory studies have shed light on specific functions of certain vitamins and minerals (folate, vitamin C, vitamin E, and calcium) and fatty acids, and their relationship to the pathogenesis of various chronic, acute, and degenerative diseases. Although the Mediterranean diet has been defined as one of the healthiest in reference to its influence on the pathogenesis of certain diseases, the analysis of the nutritional habits of Spanish children and youth shows some serious inadequacies in light of current dietary recommendations.
In the international scientific literature, there have been very few meta-analyses which have included such a large number of subjects, as is seen in our evaluation. In addition, another advantage of our investigation was that the comparability of data between distinct studies was high given the methodological rigor applied in each case, even though one must always assume that some level of error exists due to methodological differences, such as the length of the surveys and food composition tables used.
In our study, a quantitative descriptive meta-analysis was carried out, utilizing data from various studies on the dietary intake of various vitamins and minerals, grouped by age (4-to 12-year-olds and 13-to 18-year-olds) and sex. Relevant information was collected from each study group using a pre-designed form so as to facilitate standardization of the evaluation. Dietary data were compared to the established reference intakes for the Spanish population. Summaries were also compiled of the percentage of intakes less than the recommended dietary values obtained by the different study groups and outlined in the information provided.
It was assumed that the heterogeneity of methodological conditions and circumstances, independent of the differentiating characteristics (study design, reference pop- ed no obstacles to the integration of results and conclusions, given that this meta-analysis included only those studies which utilized valid methodological techniques. These characteristics could explain, however, some of the differences found among the various studies. Although a certain level of heterogeneity could make analysis more generalizable, if it is too defined, in terms of effect, it would not be desirable for the achievement of our study objectives [17] . For the studies that were admitted, it can be assumed that the heterogeneity was due to the study methodology applied as well as the biological and social characteristics of the study populations.
Referring to adolescents (aged 13 to 18 years), although the intake of most micronutrients seemed adequate with respect to recommendations, the high percentage of the population with intakes below the RDI for some nutrients was striking, particularly for vitamin E, as well as folate and iron for females. These results are similar to those that have been seen in several European studies. Research has shown that the consumption of olive oil, the primary source of vitamin E in Mediterranean countries, is decreasing [18] [19] . Other examples of deficiency can be seen in iron status, which represents a specific risk for postmenarcheal women, and was found to be below the RDI in 65% of Scottish girls [20] . In France, satisfying the recommended dietary allowances for many micronutrients, including iron, was difficult [21] . Additionally, in Greece, the mean iron intake was 56% of the RDI for girls 12 to 14 years old [22] . It is estimated that in Europe, an average of 5 to 10% of all adolescent girls suffer from poor iron status [23] .
The identification of at-risk groups and subsequent implementation of nutrition education, fortified food provision, and/or supplement programs for these populations comprise an essential strategy for a coherent nutrition intervention.
In Spain, children and adolescents have the poorest compliance with recommended intakes relative to other age groups. Moreover, it is also at these ages where alterations in the Mediterranean diet have been observed, primarily due to the globalization of dietary habits and lifestyles in this population, which is the most influenced by publicity and trends [24] [25] . For this reason, food fortification or supplementation in Spain with those nutrients reflected in this meta-analysis as being inadequate would be justified, and would contribute to improving the population's nutritional status. In fact, certain fortified foods in Spain have demonstrated effectiveness in improving the nutritional status of children and adolescents [26, 27] . The current situation is especially problematic for specific nutrients (vitamins A and E, folate, and iron), which should be given priority in interventions.
Deficits in folate and iron increase the risk of developing certain types of anemias, with iron deficiency anemia as the most common, whose consequences may persist beyond school age if the deficiency is not fully reversed [28] [29] [30] . Subclinical vitamin A deficiency is a growing concern in industrialized countries, and may increase risk for respiratory and diarrheal infections, decreased growth rate, slow bone development, and decrease likelihood of survival from severe illnesses [31] . Additional aspects to consider include the potential health-promoting and preventive characteristics of vitamins A and E [32].
The results of this meta-analysis also affirm other studies which have demonstrated that, as compared to adults, food intake may be less adequate in children. For example, in both groups, aged 4 to 12 years and 13 to 18 years, mean fruit and vegetable intakes were lower than those seen in adults (303.4, 291.5, and 406 g/day, respectively) [33] . Thus, principal dietary sources of vitamins and minerals, as well as fiber, are lower in these age groups. This is of special concern as sound nutrition habits are formed during childhood, and persistence of these poor habits could lead to compromised nutritional status in the future [34] .
In conclusion, nutrition interventions targeting children and youth are called for in Spain, and should take place within the context of food availability and nutrition education as their principal approach, promoting the traditional Mediterranean diet and alternative healthful dietary practices. They should also be in accordance with food guides and, whenever the circumstances require, be reinforced with the fortification of foods and, eventually, supplementation [35] .
